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Abstract -- MISR is scheduled for launch in 1998 on the }10S
AM 1 platform. The algorithms needed to analyze data from
this instrument are currcntty being tested, using both
simulated data and data currently available from the airborne
ASAS multi-angle instrument. The &Na processing can be
divided into three major, sequtmtizd segments. ll~e first
segment retrieves the necessary atmospheric properties ~ver
the seenc. llcsc results then are used in the second segment to
retrieve the surface spectral }IIIFLFs  on a pixel-by pixel bmis
for the scene. Fhmlly, the HDRFs are used with a lincari7jcd
three parmnctcr BRF model in the third algorithm segment to
rctricvc the corrcspond:ng spectral BRI;S. Results of the
retricwd algorithms are presented using simulated MISR data.

IN1’ROI IUC1’ION

The Multi-angle imaging SpcctroRadion~eter (MIS R) is a
radiomctrieally  catibra[ed instrument, scheduled for launch in
1998 on the EOS-AM 1 platform into a sun-synchronous pohr
orbit. It has nine CCD array carncrm,  each with a fixed-view
angle at the surface, ranging between 70.5° forward and 70.5°
aftward, with each camera observing in four spectral bands
(443, 555, 670, and 865 run). lhe spatial sampling of the
imagery will be 1.1 km with a swath width of about 360 km.
MISR will provide infornuttion  about aerosol and surface
directional refl’ectmce  properties on a global basis [1 ].

The algorithms which are to be used to routinely amdyzc
the multi-angle image data from MISR ‘are currently being
tested on simulated MISR data and &~ta from the airborne
Advanced Solid-StNe Array Spcctroradiometer  (ASAS).
These algorithms can be separated into three major segments
which are used sequentially. The first segmcn[ retrieves the
aerosol spect.rzil optical depth and information on the aerosol
type [2, 3], which arc needed to characterize the ractititivc
properties of the atmosphere over the se-me (for MISR the
scene size is a 17.6 km x 17.6 km region). Illis information
then is used as input to the second segment, which retrieves
the surface spectral hcll~isphetti&~l-directicJnal  rctkctancc
factors (III)RFs)  and spectral bihemisphcrical  rcflcctmccs
@lIRs)  [2,4] on a pixel-by pixel bmis for the scene, @’or

hflISR the pixel size is 1.1 km x 1.1 km). Finally, the }HXWs
arc used in the third algorithm segment to retrieve the
corresponding spectral bidirectional reflectance factors
(LIRF;s)  and the spectral directional-hemisphcricd  retktances
(?>111<s) [4]. lhis conversion from III)RF 10 ItRF, i.e.,
removing the effects of direct sunlight, needs to be facilitated
with the use of a IIRF mcdcl since the multi-angle &~Ll will
have a very limited range of solar zenith angles. The BRl;
model used is a linearized, three parameter model which is
currently being tested on both field and simulated rcftectmcc
rncasuremcnts.

‘Ifiis paper assumes that the atmospheric properties arc
known  (i e., they have been retrieved from the multi-angle
image data using the first segment of the algorithm) and
places the emphmis ou the surface reftcctzzncc retrieval
algorithm seg[ncnts.  Results arc presen[ed  for silnulate(t
MISK dam.

TIII\ORY

711c top-of-atmosphere (7’OA)  racli,ance I.k at wavelength k
can bc written as

LX (--p, pot r) - $.) = L;’’” (-p, p@ $- OJ

“’’ J(-LL P()) O-%J+ exp (–~k/p)  LA (1)
1 2X

+
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0 0
where ~ and ~ are the cosines of the view and Sun zenith
angks  and &$. is the view ,azimuthal angle with respect to
the Sun position. l’he convention -y and ~ is used f o r
upwelling and tlownwelling  radiatmn;t,t,, rcspcctivcly. On the
right-hnnd-side of Equation (1) LX is the radiance field
scattered by the atmosphere to spxe without intcracdng with
the surface (i.e., tl:: ~~th radiance), 7X is the opticx~l depth of
the atmosphere, Lz is the surface-leaving radiance, and 1~
is the upward diffuse transmittance. }jquation(l ) describes the
relationship bc.twccn hc ‘1’OA  radiance L1 and the surface-

)]caving radiance L~r .
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Assurni~i; the atmospheric paramclcrs in liluatioa (1) arc
kIlowIl, I.x can bc e a s i l y  dctcrrniucd  by  mcaas o an

~s u r
ikmtion  procdrrc,  a s  dcscribcd b e l o w .  Ollcc Z,k i s
(ickmninc(l  the I II>RIJ,  rl, then cm bc expressed as

wllcrc }ik is tile surface irradiaacc. l:rmn the radiant cxitancc
MA, dcfiucd as

1 2X

HML (P(,) = LA‘“%) PO, o ‘“ of)) WM’$ (3)

0 0
hem .

the 1]111{,  Al , IS givcu by lhc ratio

w h e r e  .$x is tilc,l,,~~(olI~  -of-alillosl~l~cre bil]cl~~is[~l~cric:~l
K3flcctallcc  rind J’<z is the black surface irrmliaace
(iadcpcmlcnt of surface rdlcctim properties). It is rclalcd 10
lIIC actual su r f ace  irradiaacc  iil by lhc highly :lC~Llfilk
c.xprcssiou  .

s u r f  .
Au cxcclkmt initial guess for l.X 11)

proccdurc G?ll k obtained from lkluatiml (1)
13; ‘J from the ialcgral, lhus,

(5)

the. itcratioa
by rcmoviug
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Au initial gLIcss for the 11111{ from 1 lquat ion (4) implies a
guess for Mx,  which can bc crbtnincd from ILquatiou (3). ‘1’lm
iatcgral ia llquaticm (3) is nest easily dcmc by assuming that

)the surface rad ifincc I,y  r cm bc cxprcsscd  as a two term
cosine series iu *Qo,,

‘Ihrls,
1

M:) (po) = jI;:(0) (--IL }l.) W@ (9)

o
where, for any itcratiou (1]) and usiug }:~uatioa (8)
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I ]crc, r$a aad @f mc the two a~imuth allglcs ft)r each f~rc-aft
hlISR  camera pair.

s u r f ( o )
OIICC 1.,.

s u r f
M computed, the surface radiance l.l call

bc updated via (I]c  i(cration schcmc,  using  }lquatioa (1),
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‘I”hc. upward dift’usc traasmittallcc 7\ ill 1 :quat ioa (11) is
cxprcsscd  as a two term cosine series in @ $., such ttmt

2rl

~o,~(-w  -  P’)  = J J~(-P,  -P’,  4 ’ -  w)  d’

2:
(12a, b)

7’,, ~ (-P, -P’)  = ~ 7~ (- ~L, -~1’, + - r)’) cOS ($- $’) (]$’

o

surJ
Oacc I.A is upd; led, it tl)cn is used to crrmputc a ucw

hfk
1

:incl a ncw Al““ ‘1’hc  itcratioa procccds  until
convcrgcacc is jcaclicd. ‘1’his  is normally evaluated by noting
tk change in AA<’”.

+ Z.;:: (--}L P()) “ c~s ($ ‘- 4’.) (8)
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IIIC BItI~,  Rk, is rcla[cd  to die. 1 II ll<l;, r},, through (IIC
cxprcssiol I

l~a (1+)) “ r~ (-PI PO @ - $0)

1271 (13)

=
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w~;~rc  l.; c is the radinncc incident cm the surl’fice. Separating

xl inm dirccl and diffuse componcnls,  l~quation (1 3) call be
rcwriltcn as

~Jk(Po)  “ rk(-P)PO$-Oo)

= & (No) “ Ra (-P, Pot@ - $.) (14)
1 2n

+
H Rl (-P, 11’,$- $’) #(P’, ~(y ~’ - $0) it’[]i[’(~$’
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ciiff

qf’y  %
is the diffuse radiance incident on the surface and

% 1s the direct irmliancc.  They can bc cxprcsscd  as

Where Z;. ~ is UIC cxo-atmospheric irradiance EUld 7“., ~’ :lld
7,  ~’ dc~cribc the downward diffuse transmittance m terms
of a two tcnn cosine series in + $.. Note that the last term in
lkpm(ion  (16) rcprcscnts approximately the downwclling
radiance duc to multiple reflections bctwccn $~ atmosplwrc
and the surface. lnscrling  this expression for Ll in 1 {qua(  ion
(14) and rearranging terms,,

‘r’+ 1) (-P)PO’ O--O())%

1 kluation  (17) is written as an iterative schcrnc to dctcrminc
Rk. Note that Rx within (I)c  integrals is also dcscribcd by a two
term cosine series in @@o, with coefficients as dclincd in
lklua{ion ( 1 2 a ,  b ) .  ‘1’hcsc  cMfficicnL;,j  subscqucntly,)l are.
rcplaccd by equivalent  funclions,  R. ~ and RI ~ ,
generated from a BR1  i model ,  bccaus’c of the lack’ of
mcasurcmcn[s concerning the variation of Rx with p’.

‘lIIC  IIR1 i moclcl used is that of Rahman  ct al, [S], modified
to allow a nearly  ]incarizablc  least squares fitting analysis.
‘Ibis model has been shown to work sufticicntly well for this
purpose [6], and is dcscribcd  by,

Witt,  three free paranlc[crs (r. ~, k~ b~). ‘I”hc ful)Ctioll h~ is a
factor to account for the hol sfit,

‘–ro, z
}1~ (-PI P(y ‘+-$()) = 1 + —- ..-— — (19)

1 + c (-p, po! 0-00)

1- P2+ ’-P:
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a!id fl is (Ilc scattering angle defined by

C(MQ == --p \lo + JmJ70cos (Q- $.) ( 2 1 )

‘1’0  determine the cocfficjfn!s  R! ~ W~ R; ~ for usc in
l;lquation (17), (1IC IIKMIC1 Rk m F’ql$tp (10 first is fil~c~ to
the curr-cn( iteration of the Blat  RI to ob~~in  (he current
ilcralion of the three model paraluctcrs. ‘l’his,llfittiug i. J lostI*J i,,
c~L<ily done by comparing (I)c  logarhhn~s  of Rk and RA
a least squares sense. Oacc the three parameters arc
dCICrltlil]Cd,  thC TIIU; ]MXIC]  thcJl Cal],)lbC cvalua~;;d a t  all
ncccssary angles in order to compute R. ~ and R 1,, ~ .

l’hc initial guess for Ra is set equal to the 11[ )l<l;, rl. Once
convcrgcncc is achicvcd for Rx via l{quatioll (17), I.hc 1>1 IR
tlwn is evaluated from the expression,

1

o

where N is the last iteration count and R~N~ is c~mPut~
using tl)c formula displayed in 1 tquation (1 Oa~.
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Application of the retrieval algorithms dcscribcct  in the
previous section was accomplished using simulrmxl  MISR
data. l“he 1’OA radiances were computed using a mulliplc
sca[tcring,  discrclc ordinate, radiative uansfer c~dc [71 and
i n c l u d e d  b o t h  Raylcigh and aerosol  scal(cring.  l’hc
computations were performed for the MISR red wavelength at
0.670 mn and U@ nine MISR viewing zenith angles (0°,
5..26.10, :!45.6°, ~60.0°, and ~ 70.50), symmctriczdl y placed
about W nadir in a single nadir-azimuth angle plane. I’hc
solar zenith angle was 55° and the azimuth angle cliffercncc
betwccu the Sun position and the forward-looking views were
set at three values: 30°, 60°and 90° (i.e. pcrpcntlicular  to tbc
principal plane). The aerosol was specified m be a sulfate/
nitrate type (accumulation mode) with phase function
asymmetry parameter g = 0.628, single scattering albcdo tit =
1.0., and optical depths ‘r.,, of 0.4 and 0.5.

l;lcven different surface t ypcs, listed in Table 1, were used
in tbc MISR TOA radiance calculations. lhc BR1;S  for these
surfaces were derived from field mcasurcmcnts [8-10] which

, covered a wide range of both viewing auglc and solar z,cnith
ang]c. ‘Ilicsc BRFs tbcn were incorporatctl  into the rmliativc
transfer code to simulate a realistic, coupled surfacc-
atmosnhcre systcm.

‘1’able 1: Surfnce  ‘J’ypc ~baractcris[ics

case

1

2

3

4

5

6
. . . .

7“ “

8

9
..— — . . . .

1()

11

0.038

0.058

0,082

0.034

0.077

Ermtmlc 1: ‘lhc 1 I[>l?l; was rctricvcd for each surface type
‘

from tllc simulated multi-rmglc  1’OA radinnccs  with ‘r,,, =0.4,
assuming that the atmospheric propcrlics are ideally tamwn
(i.e., no Crmr).  }’igurc ] shows Lhc retrieval deviation for tt]c
clcvcn srrrfacc  types and for the three different view-suu
azimuth angles. ‘J’hc deviation S is dclincd as

0 0 0 5

0 0 0 4

$= 0  0 0 3

1

*
: 0 0 0 2

0 0 0 1

0

m33,
[180.
mw.

I[ mm
!2345 6789!0 1$

C,,, Numb.,

1 tgurc  1, Rctricwxt 1 II )RT; with correct atmosphere.

where N and # arc tbc rctricvcd and true LtRl:s, rcspeclivcly,
at the MISR  view angles 14,,  01,. llIC absolute accuracy which
call be cxpectcd from using tbc retrieval algorithm cm MISR
data under ideal attnosphcric conditions is typically about 2%
of tbc 111 IR of the surface (note that tbc 111 Ii< for the first four
surface types listed in “1’able 1 arc considerably higher that
those of the lat[cr seven types), is nol strong]y dcpcndcnt  on
the view azimuth ang]c, and depends roughly proportionally
on Ihc aerosol optic[il  depth.

Eratnple  2: lJsing the smnc simulated MISR datasct,  the
111 )l<l;s were again rctricvcd, but assuming an acroscd optical
dcptb of 0.35 ins[cad of the true value of 0.4. ‘1’hc results arc
shown in Itigurc 2.

00!5

833.

[Iwo

II
T234 58 789!01 1

c,a,  Numb,

l~igure 2. Rctricvcd 1 II )Rl: with incorrect aerosol amouut.

~’bis diffcrcncc of 0.05 is the expected crrcx in rctricvcd
aerosol optical depth using MISR observations. As such, the
1 II )1{1’ deviations shown in I;igurc  2 arc tbc errors expected
from the MISR cxpcrimcnt. NO(C that tllc accuracy for the

dnrkcr surface t ypcs (case mlmbcr  5 throtlgb 11) dccrcmcd by
about an order of magnitude whereas the brighter surfaces
Were Somcwha(  lCSS alfcctcd.

n=l
(23)
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Example  3: LJsing the simuln(d  MIS1< datasct wi(h z~cr = 0.5
and a Sun-view azimuth angle cliffcrcncc  of 30°, l;igurc 3
shows both 111>1-11~  and J31-W retrieval rcsu]ts,

I Ih,
1 2 3 4 5  878010 !$

S“II”C.  C“,,  Numb.

M OWI.8W4  d tmnr{,.ttk.  d) km. r I Oevl.vw.1  ~lunr(lr..)  Irwn ■ n..i.th,  d Imir(,.l(iev.d)  km
Wnr (I,”.) row..) Hui!Foruel  Wllh OW.  eccc.1”

%,1)..! desdh

I;igurc 3. Conlparison  of 1 IIJI-lI; and J3RI; retrievals.

l;orcacb of thcclcvcn  surface types, an lIIJRl;  retrieval  was
pcrfonnc.d using the c.ormct  at nmsphcrc  and rrlso  onc in which
the aerosol optical depth was in crmr by 0.05. Startillg from
the rc(ricvcd 1 II )I{l~s,  obtained using the correct Nmospherc,  a
IJl{l;  rctricvd  was then pcrfonncd  for each case. l;igurc 3
s h o w s  t h a t  t h e  cxpcclcd lI1)ltl;  crmrs arc gcncral]y
comparab]c  (bor]argcr  [ban thcactu,at diffcmnccbctwccn  the
1 II>R1;  and DRF.

SIJMMAl<Y

‘J’hc  al~,orithms to bc used by MISR to rctricvc the surfam
III >l<l; and ItRIJ from radimnctricall  y ctrlibratcd multi- any,lc
inurgcry am currcntl  y being tcsfcd on simu]atcd  M 1S1{  dat:i
and airborne ASAS (lam. The results from the simulated
MISR data show that the intrinsic accuracy of tllc 11111{1’
rclricval  algori[hm  is Iimi(cct mainly by the accuracy of (IIC
infrmnalion  on the atmospheric optic,al propcrlics allcl IIot by
[hc limi(cd vicwiug gcmnctry of the obscrvatim~s.  Also, the
cxpcc(cct a(mosphcric properly rumcrtrrinlics  will generally
tct]d to mask any diffcrcnccs in the I 11 JI{l; and tl]c lll<l;.
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